Intrahepatic cholangiocarcinomas account for approximately 20% of cases of cholangiocarcinomas.
Introduction
Cholangiocarcinoma is a primary biliary tract tumor arising from the bile duct epithelium (1) . It is the most common biliary tract malignancy (2) and second most common primary hepatic tumor after hepatocellular carcinoma (2, 3) . While it accounts for less than 2% of all malignancies, it represents 10-15% of all primary liver cancers (4) . Among gastrointestinal cancers, it is the most difficult to diagnose and therefore carries a poor prognosis with a 5-year survival rate of less than 10%. While most cholangiocarcinomas occurs sporadically, chronic biliary inflammation is a well known risk factor. Additional risk factors include primary sclerosing cholangitis (associated with ulcerative colitis in up to 86% of patients), choledochal cyst, familial polyposis, hepatolithiasis, congenital hepatic fibrosis, clonorchiasis, and a history of exposure to thorotrast (2, 5) . Diagnostic imaging, coupled with a high degree of clinical suspicion, play a critical role in timely diagnosis, staging, and evaluation for surgical resectability (6, 7) .
Classically, these tumors have been categorized according to their anatomic location as extrahepatic, peripheral intrahepatic, and hilar intrahepatic (1, 2) . Peripheral intrahepatic cholangiocarcinomas arise beyond the secondorder bile ducts, accounting for 20% of cases. Perihilar intrahepatic cholangiocarcinomas arise from the confluence of the right and left hepatic bile ducts, accounting for 50-60% of cases. Distal extrahepatic cholangiocarcinomas arise from the bile duct below the level of the cystic duct insertion down to the ampulla of Vater (8) . The anatomic location of the tumor is an important consideration for treatment planning and often reflects the clinical symptomatology (2) .
According to a classification scheme proposed by the Liver Cancer Study Group of Japan, cholangiocarcinomas may also be classified according to their growth pattern or morphologic subtype as mass forming, periductalinfiltrating, or intraductal (9) . Morphology is a useful indicator of the tumor's behavior and clinical outcome, often dictating the surgical approach (1, 2, 8) . The massforming subtype invades the hepatic parenchyma, spreading along portal venous channels (1) . The periductal-infiltrating subtype grows longitudinally along the bile duct walls, spreading via lymphatic vessels. The intraductal subtype proliferates focally within the biliary duct lumen, leaving the wall intact (1, 2, 4, 8) . While all three subtypes may occur at an intrahepatic location, certain morphologies predominate at certain sites. For instance, the mass forming subtype is the most common type of intrahepatic cholangiocarcinoma (10) . Importantly, this anatomic and morphological variability impacts the diagnostic sensitivity and specificity of imaging modalities.
The most common imaging modalities used to diagnose and stage intrahepatic cholangiocarcinoma include ultrasound (US), computed tomography (CT), magnetic resonance imaging/magnetic resonance cholangiopancreatography (MRI/MRCP), and positron emission tomography (PET). The following chapter will review the role of each of these imaging modalities in the diagnosis and staging of intrahepatic cholangiocarcinoma. We will emphasize optimal imaging technique for each modality and review the imaging appearance of each morphologic subtype of intrahepatic cholangiocarcinoma.
Imaging technique

Ultrasound (US)
Ultrasound is often the first imaging modality employed in patients with obstructive jaundice or abdominal pain. In addition to detection of cholangiocarcinoma, it helps to exclude more common etiologies for obstructive jaundice such as choledocholelithiasis. A curved linear array transducer in the 2-6 MHz range is usually needed to evaluate the liver parenchyma. A higher frequency transducer in the 7-12 MHz range is used to evaluate the liver surface for nodularity, an ancillary imaging feature of cirrhosis.
The diagnostic accuracy of ultrasound is improved by the use of ultrasound contrast agents. Three ultrasound contrast agents are currently employed worldwide and have been recently FDA approved. Two of these are vascular agents and do not diffuse outside of vessels, providing only information about the early dynamic enhancement pattern of biliary lesions. A third agent is taken up by Kupffer cells in the liver and exhibits a hepatobiliary phase 1 hour after injection, with a utility similar to that of the hepatobiliary agents utilized in MRI (11) . This may be useful for distinguishing intrahepatic forms of cholangiocarcinoma from hepatocellular carcinoma (12) .
Histopathologically, imaging findings of cholangiocarcinoma on CE-US correlate with the degree of carcinoma cell proliferation. Hyperenhancing areas on CE-US indicate increased density of cancer cells, whereas hypoenhancing areas indicate the presence of fibrous stroma. Different distributions of cancer cells within alesion therefore correspond to different contrast-enhancement patterns. The distribution of cancer cells within a given lesion also provides clues about its blood supply, since cancer cells are most likely to proliferate in areas with abundant blood supply. Hence the enhancement pattern on CE-US may be helpful both in diagnosis and treatment planning of intrahepatic cholangiocarcinoma (13) .
Intraoperative ultrasound serves as a valuable tool to guide surgical technique during resection of cholangiocarcinoma (14, 15) . The Couinaud classification of anatomical and functional liver anatomy divides the liver into segments based on portal and hepatic venous anatomy; these segments are readily identifiable by ultrasound and assist in targeted segmental resection. Intraoperative ultrasound can also be used to detect intrahepatic biliary stones to ensure their removal (16) , as well as to guide other forms of oncological treatment, such as radiofrequency ablation (17) .
Computed tomography (CT)
Multiphase contrast-enhanced computed tomography (CE-CT) is widely utilized to diagnose and stage c h o l a n g i o c a r c i n o m a . N o t o n l y d o e s i t a s s i s t i n characterization of liver masses and detection of biliary ductal dilatation, but it also demonstrates associated prognostic features such as vascular encasement and nodal involvement. Non-contrast CT may be used as a part of a more comprehensive contrast-enhanced imaging protocol and may be helpful in differentiating radiodense intraductal biliary stones from an enhancing intraductal mass (18, 19) .
A typical contrast-enhanced protocol for diagnosis and initial staging of cholangiocarcinoma includes arterial (20-30 sec post-injection) portal venous (60 seconds post-injection), and delayed (at least 3 minutes postinjection) phases (20, 21) . The arterial phase not only helps to distinguish hepatocellular carcinoma from cholangiocarcinoma (the former is more likely to demonstrate arterial enhancement), but also helps more clearly to delineate the vascular anatomy prior to surgical resection. The delayed phase, performed at 3-10 minutes after contrast injection, accentuates the presence of fibrous stroma, which is a distinguishing feature of cholangiocarcinomas (20, 21) .
Most primary hepatocyte tumors receive preferential blood supply from the hepatic arteries, while healthy liver parenchyma receives the majority of its blood supply from the portal vein. This difference is reflected in the enhancement pattern of intrahepatic tumors and aids in distinguishing primary hepatocyte tumors from background parenchyma, as well as differentiating subtypes of intrahepatic tumors. A classic example of this is the differential enhancement pattern of hepatocellular carcinoma (HCC) vs. intrahepatic cholangiocarcinoma. Unlike primary hepatocyte tumors, intrahepatic biliary tumors often remain centrally hypoattenuating (with or without rim enhancement) relative to the liver parenchyma in the arterial and portal venous phases, enhancing most prominently in the delayed phase, a feature which reflects their desmoplastic nature (2) . The degree of desmoplasia in an intrahepatic cholangiocarcinoma is not only distinctive, but also has prognostic implications (22) (23) (24) . Specifically, intrahepatic cholangiocarcinomas that are hypovascular in the hepatic arterial phase are more likely to demonstrate lymphatic, perineural, and biliary invasion such that tumor hypervascularity may serve as an independent pre-operative prognostic factor for disease free survival (25) .
MRI/MRCP
Compared with MRI, CE-CT has a limited ability to detect spread of tumor along bile ducts (8) . MRI excels at this task due to its superior soft tissue contrast and is therefore considered the imaging modality of choice for diagnosis and staging of cholangiocarcinoma. Its accuracy is similar to that of CE-CT and direct cholangiography combined (8) .
An optimal protocol for cholangiocarcinoma evaluation should include MRCP, conventional T1-and T2-weighted abdominal MRI pulse sequences (including T1 in-and outof-phase imaging), diffusion weighted imaging (DWI), and multiphase contrast-enhanced sequences obtained in the arterial, portal venous, and delayed phases (6, 8) . These post-contrast sequences may be obtained at pre-determined time points or with bolus tracking technique (6) .
Magnetic resonance cholangiopancreatography (MRCP) is the most accurate, non-invasive method for assessment of the biliary system (8) . MRCP is a non-contrast MR technique in which the T2-weighted contrast between bile (long T2) and adjacent tissues (short T2) is accentuated by using heavily T2-weighted sequences. Thin multislice MRCP allows high-resolution visualization via three dimensional image data sets (8) . Unlike endoscopic retrograde cholangiopancreatography, MRCP is noninvasive and allows visualization of the biliary ducts proximal to an obstruction (26) . In preparation for MRCP, patients fast for at least 4 hours to minimize bowel peristalsis and gastric secretions and maximize gallbladder distention. Negative contrast agents can also be added to reduce fluid signal in the stomach and duodenum (26) . DWI may assist MRCP in detecting tumor within dilated or obstructed ducts when contrast injection is not possible (8) .
It is well documented that DWI increases the diagnostic sensitivity of MRI for cholangiocarcinoma. Previous studies have documented overlap in the dynamic contrast enhancement patterns of small mass-forming intrahepatic cholangiocarcinomas (<3 cm) and hepatocellular carcinomas (18, 27) . In such cases, diffusion weighted imaging performed at a number of different b-values ranging from 0-800 s/mm 2 may help to distinguish ICC from HCC (28, 29) . Similarly, DW-MRI may assist in distinguishing benign from malignant strictures, which is critical for diagnosis of periductal infiltrating subtypes of ICC (30) .
Generally speaking, the ADC values of ICCs tend to be significantly lower than that of the adjacent normal hepatic parenchyma, as is the case for most malignant hepatic tumors. Documentation of a range of ADC values specific for ICC has been limited by wide variability in reported ADC values. This variability, largely attributable to differences in image acquisition technique, has prompted researchers to advocate for the use of normalized ADC values for optimal quantitative characterization of liver lesions, including ICC. Qualitatively, however, studies have shown that DW-MRI yields the best conspicuity of ICC compared with other MRI sequences across a wide range of b-values. In one study, all cholangiocarcinomas were visible at b=0 s/mm 2 and the majority remained hyperintense on DW-MRI acquired at increasing b-values, suggesting that the use of the former b value should be considered in MR protocols for cholangiocarcinoma detection. This same study suggested that normalization to the background liver © HepatoBiliary Surgery and Nutrition. All rights reserved.
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The degree of diffusion restriction on DW-MRI may serve as an independent pre-operative prognostic marker in patients with intrahepatic cholangiocarcinoma. In one study, patients in whom less than one-third of the tumor showed diffusion restriction demonstrated more advanced initial TNM staging, more frequent lymphatic invasion and lymph node metastases, and more abundant stromal metaplasia compared with patients in whom more than one-third of the tumor showed diffusion restriction. Both disease-free and overall survival were significantly lower in the first group of patients compared with the second (31) .
PET imaging
18F-Fluoro-2-deoxy-D-glucose (FDG) integrated positron emission tomography (PET) is a non-invasive imaging technique that allows in vivo assessment of the metabolic processes underlying malignant disease (32) . Cancer cells are hypermetabolic, a fact which PET imaging exploits for imaging purposes. In PET imaging, patients are injected with a radiolabelled tracer that physiologically mimics glucose in the body, namely FDG. Membrane glucose transporter proteins (GLUT1) transfer glucose into the tumor cells. FDG is then phosphorylated by hexokinase 2 to FDG-6-phosphate, which has limited extracellular diffusivity. Because cancer cells overexpress the membrane transport proteins responsible for intracellular glucose uptake and sequestration (namely GLUT-1 and hexokinase), this results in relative increases in glucose metabolism compared with normal cells-a functional characteristic that is reflected in the form of imaging "hot spots" on the PET scan (3, 33) . Importantly, all types of cholangiocarcinoma will be FDG avid on PET.
Although PET alone has limited spatial and temporal resolution, these limitations are compensated for by coupling with low dose multidetector CT. The sensitivity and specificity of PET-CT for diagnosis of cholangiocarcinoma varies by location and is higher for intrahepatic (>90%) than extrahepatic (about 60%) cholangiocarcinomas (34) . The detection rate of distant metastases approaches 100%.
Both CT and MRI demonstrate limited sensitivity and specificity for positive nodal metastases (11) . MRI with MRCP has a reported accuracy of 66% or lymph node metastasis. Some studies suggest PET-CT may improve nodal staging and identification of distant metastases, altering clinical management in up to 17-30% of patients (11) . For this reason, PET-CT is recommended for pre-operative staging of both intraand extra-hepatic cholangiocarcinomas. There is also some evidence supporting a prognostic role for PET-CT. Recent studies have shown that the preoperative SUV max serves as an independent risk factor for recurrence of cholangiocarcinomas (35) .
Morphological subtypes
Mass-forming subtype (mCCA) (Figures 1,2) Among intrahepatic cholangiocarcinomas, the massforming subtype (mCCA) is the most common, accounting for 80% of intrahepatic cholangiocarcinomas (2) . The remaining 20% consists of periductal-infiltrating and intraductal-growth subtypes combined. mCCAs arise via spread through venous and lymphatic channels (2) .
US
On ultrasound, mCCA appears as a homogeneous mass with intermediate to increased echogenicity and a peripheral hypoechoic halo (18) . Usually tumors greater than 3 cm in size are hyperechoic, while smaller tumors are iso-to hypoechoic (36) . A hypoechoic halo, visible in about 15% of tumors, represents a rim of proliferating tumor cells with compressed adjacent liver parenchyma (36) . The shape of the mass may be irregular but the margins are typically circumscribed and associated capsular retraction may be sonographically visible (37) .
On CE-US, mCCA may demonstrate early enhancement with subsequent washout mimicking HCC. Therefore, CE-US is not recommended as the sole imaging technique for conclusive diagnosis of mCCA (2) .
CT
On unenhanced CT, mCCA presents as a homogeneously hypo-to isoattenuating mass with lobulated margins (2, 38, 39) . After administration of iodinated contrast, the pattern of enhancement may be somewhat variable but is usually an accurate reflection of the histologic composition of the mass. Generally speaking, the periphery of the tumor is composed of active tumor cells, whereas the center of the tumor is composed of desmoplastic stroma, necrotic tissue, or mucin (2, 18, 38, 39) .
The majority of lesions demonstrate incomplete peripheral enhancement in the arterial phase that may become iso-or hypodense in the portal venous phase (32) . The central fibrous stroma enhances most prominently in the delayed phase (39), unless there is abundant central mucin or necrosis. With necrotic or mucin-producing tumors, the central portion does not enhance in the late phase and remains hypodense throughout all three phases (2) . The pattern of enhancement does depend, to some degree, on tumor size. Very small tumors (less than 1 cm in size) may demonstrate homogenous arterial phase enhancement, mimicking HCC (2). However, the presence of washout on the venous and delayed phases may help to distinguish HCC from subcentimeter mCCAs.
The degree of enhancement on delayed phase images not only helps to distinguish mCCA from HCC, but also has prognostic value. One study demonstrated that tumors which demonstrated delayed enhancement over greater than two-thirds of their volume had increased fibrous stroma and a higher incidence of perineural invasion, which is a poor prognostic maker (32, 38, 40, 41) . Ancillary features of mCCA on cross-sectional imaging include capsular retraction, biliary obstruction and hepatolithiasis, satellite nodules, vascular encasement, lobar atrophy, and lymphadenopathy (32) . Capsular retraction is an imaging feature originally described on CT that is not only associated with cholangiocarcinomas but a variety of other malignant hepatic tumors. In the setting C of cholangiocarcinoma, it may be difficult to distinguish from lobar or segmental atrophy secondary to vascular involvement (42) . Dilated biliary ducts with intraductal stones may be found distal to the mass (40) . In one study, the incidence of vascular encasement or compression was 82% for peripheral cholangiocarcinomas (43) . Narrowing of the portal and/or hepatic veins may be present, but there is rarely vascular invasion with tumor thrombus formation (Han JK). While portal vein invasion has been described in the literature as a rare cause of portal venous hypertension (44) , the presence of vascular invasion and tumor thrombus formation most commonly serves as a useful differentiating feature from HCC when the pattern of enhancement is equivocal (43) . Vascular encasement or narrowing frequently results in atrophy of the involved hepatic segment (45) with or without associated capsular retraction (39) , found in approximately 21% of patients (32) .
Lymphadenopathy may be seen in up to 73% of cases, predominately affecting the portacaval and porta hepatis lymph nodes (43) .
MRI
On T1-weighted images, mCCA presents as a hypo-to isointense mass. It may be mild to moderately hyperintense on T2-weighted images, depending on the relative proportions of central fibrous stroma vs. extracellular mucin (8, 32) . The dynamic enhancement pattern after gadoliniumbased contrast administration is similar to CT and may be variable. As with CT, the most common pattern is a thin peripheral rim of enhancement in early arterial phase with progressive centripetal enhancement on the delayed phase. In predominantly fibrotic tumors, enhancement may only be visible in the delayed phase. Very small tumors may display intense homogeneous arterial enhancement with persistent enhancement into the delayed phase (8) , but this pattern is less common and has been described on MRI in approximately 30% of peripheral mCCAs (43) . Ancillary features of mCCA described on CT have also been described on MRI, including vascular encasement, biliary obstruction, lobar atrophy, capsular retraction, and lymphadenopathy (8) . However, the more peripheral the mCCA, the less likely it is to present with biliary obstruction, because tumors arise from and infiltrate along distal intrahepatic bile ducts (43) . T1-and T2-weighted fat suppressed images are particularly helpful for detection of lymphadenopathy.
Post-contrast imaging may be performed with traditional gadolinium-based, extracellular contrast agents (Gd-DTPA) or derivatives such as gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid (Gd-EOB-DTPA). Gd-EOB-DTPA combines features of a conventional extracellular gadolinium-based contrast agent and hepatocyte-specific contrast agents. Previous studies have documented the superiority of Gd-EOB-DTPA in detecting and characterizing hepatic lesions in patients with a background of diffuse liver disease. Because the postcontrast signal intensity of the liver is greater with the use of hepatocyte-specific agents such as Gd-EOB-DTPA compared with traditional gadolinium-based extracellular contrast agents, cholangiocarcinomas become increasingly conspicuous, appearing as hypointense on both early and delayed phase sequences (46) . This provides a sharp contrast between the lesion and the liver background, allowing more accurate assessment of tumor extent, as well as the presence of associated satellite lesions which are seen in 10−20% of cases of mCCA (46) . The increased conspicuity of cholangiocarcinomas in this setting is particularly helpful for patients with a background of diffuse liver disease, in whom mCCAs may exhibit atypical enhancement patterns after administration of traditional gadolinium-based extracellular contrast agents (47) .
The use of Gd-EOB-DTPA may also unmask distinctive enhancement patterns in CCA. In one study, 93% of mCCAs displayed an "EOB cloud": a cloud-like central signal intensity with a perilesional hypointense rim on the hepatobiliary phase. The hypointense perilesional rim appears as an enhancement defect compared with the avidly enhancing background liver, and is thought to be attributable to regional cholestasis (47) .
With Gd-EOB-DTPA, the relative signal intensity of the liver and visibility of the biliary tracts on the hepatobiliary phase may also serve as quantifiable, surrogate markers of biliary function. Gd-EOB-DTPA is taken up by hepatocytes and excreted into the biliary system. Decreased signal intensity of the background liver and reduced visibility of the biliary tracts on the hepatobiliary phase indicate impaired biliary function and may be quantitatively correlated with total bilirubin levels (46).
While first described as a characteristic pattern of contrast enhancement seen with intrahepatic massforming cholangiocarcinomas, the "target sign" is also a feature of mass-forming ICC that is visible on DWI.
The "target sign" describes a pattern of progressive and concentric central enhancement with peripheral washout on delayed MRI performed at 1-4 hours with Gadopentetate dimeglumine or Gadobenate dimeglumine (29) . On DWI, a © HepatoBiliary Surgery and Nutrition. All rights reserved.
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Periductal-infiltrating subtype (piCCA) (Figure 3)
The majority of periductal-infiltrating cholangiocarcinomas (piCCA) are perihilar intrahepatic in location (2) but may arise at any point between the second order biliary ducts and the insertion of the cystic duct (2) . PiCCA is also known as "sclerosing" because it grows along the bile duct walls resulting in alterations of biliary ductal caliber. An eponymous type of piCCA, known as a Klatskin tumor, arises at the bifurcation of the common hepatic duct into the right and left hepatic ducts (2, 48) .
US
The primary role of ultrasound in this setting is to rule out benign causes of biliary obstruction. Ultrasound rarely allows direct visualization of piCCA, unless it is associated with mass formation. However, indirect signs such as alterations in biliary caliber may be sonographically visible (2, 49) . The sensitivity and specificity of ultrasound for diagnosing perihilar forms of cholangiocarcinoma are 89% and 80-95%, respectively (2) .
PiCCAs are characterized by biliary ductal thickening and/or altered biliary duct caliber in the absence of a discrete mass (23, 48) . Bile duct lumens may be obliterated depending on the degree of ductal involvement (50, 51) .
CT
Multidetector CT (MD-CT) and high resolution CT (HR-CT) play an increasingly important role in the diagnosis and staging of piCCAs. Fast scanning times, thin collimation, and excellent spatial resolution allow improved visualization of the longitudinal and radial extension of the tumor (49) .
On CT, piCCAs present as thickening of the periductal parenchyma with narrowing or dilatation of bile ducts. Because the majority of these are present near the hilum, they usually cause segmental dilatation of the biliary tree (45, 52) . Segmental or lobar biliary ductal dilatation is an important differentiating feature from periportal lymphangitic metastases arising from an extrahepatic source. In contrast to periductal-infiltrating cholangiocarcinomas, lymphangitic metastases will not cause lobar or segmental ductal dilatation (23, 45) .
CT may show focal mural thickening, luminal obliteration, and proximal biliary ductal dilatation. Periductal thickening may be associated with a mass, liver atrophy, vascular encasement, lymphadenopathy, and distant metastases (53) . About 80% of piCCAs demonstrate arterial and portal venous enhancement and most demonstrate prominent delayed phase enhancement due to their sclerosing histology (53) .
CT cholangiography, wherein contrast is introduced 
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into a pre-existing biliary drainage site, is superior to conventional CT or US and equal to ERCP in diagnosis of piCCA, and is considered in patients in whom MRCP is contraindicated or unavailable (2) .
MRI
MRI with MRCP is the considered the best noninvasive imaging option for diagnosis of extrahepatic and intrahepatic perihilar cholangiocarcinomas (11) . It permits visualization of malignant stricturing with or without an associated mass, provides staging information such as the degree of vascular or ductal involvement, and allows accurate lesion characterization (11) . The reported accuracy of MRCP for determining the longitudinal extent of bile duct involvement ranges between 71-96% (2, 11) . With MRCP, there is also better assessment of the extent of peripheral ductal involvement than with ERCP, wherein visualization of peripheral bile ducts may be limited by more central biliary obstruction (2) . Acquisition of 3D MRCP image sets further assists in pre-surgical planning.
On MRI, piCCA manifests as periductal thickening and is T1 hypointense. It enhances most prominently in the delayed phase with variable degrees of arterial and venous phase enhancement (11) . Periductal enhancement strongly correlates with periductal and perineural spread (0.93) and improves not only diagnostic accuracy and but also assessment of resectability when coupled with MRCP (53) . Lesions may be T2 hypo-or hyperintense, depending on the amount of associated sclerosis or fibrosis (11) . In its early stages, piCCA may be mistaken for a benign stricture. However, bile duct wall thickening greater than 5 mm, irregular outer margins, and abrupt or asymmetric narrowing are morphologic features more likely to be seen with malignancy (30, 43) . Functional features such as diffusion hyperintensity and hypervascularity on arterial and portal venous phase imaging are also indicative of malignancy. In fact, the presence of restricted diffusion on DWI with a b value =800 s/mm 2 is highly specific for malignant stricturing, even more so than the hypervascularity on contrast-enhanced MRI (30) .
Intraductal-Growth Subtype (iCCA) (Figure 4)
T h e i n t r a d u c t a l -g r o w t h s u b t y p e o f i n t r a h e p a t i c cholangiocarcinoma (iCCA) represents 8-18% of all types of cholangiocarcinomas. It is considered a lowgrade malignancy and carries the best prognosis of all intrahepatic cholangiocarcinomas because of its confined intraductal location (8) . Most of these tumors exhibit papillary growth characteristics and proliferate toward the lumen with preservation of the bile duct wall and absence of parenchymal extension (2, 8) . Preservation of the bile duct wall without extension into the surrounding liver parenchyma distinguish this morphologic subtype from the periductal-infiltrating and mass-forming subtypes (49) .
US
On ultrasound, iCCA usually presents as a intraductal mass resulting in alteration of biliary ductal caliber, usually ductal ectasia. The mass is typically polypoid hyperechoic (8, 18) . The lesion is usually confined to the wall of the bile duct (23) . The presence of abundant anechoic mucin may, however, obscure visualization of an intraductal mass (23) .
CT
On CT, iCCA may present in four distinct ways: (1) diffuse ductal ectasia with or without a visible intraductal mass, (2) intraductal polypoid mass with associated focal duct ectasia, (3) intraductal cast-like lesion within a slight dilated duct, or (4) a stricture with proximal ductal dilatation. Frequently, there is segmental ductal dilatation out of proportion to tumor size due to the production of abundant mucin, which is slightly higher in attenuation than simple bile (37, 54, 55) . Multifocal intraductal papillary masses, known as papillomatosis or cholangiocarcinomatosis, may be present due to superficial tumor spread (8, 24) . When tumors get larger than 1 cm, an obstructing hypoattenuating mass may be visible (38) .
Because of its confined intraductal location, iCCA may be confused with an intraductal stone. Frequently, the two findings coexist (24) . High attenuation of non-contrast CT and absence of enhancement after contrast administration are useful distinguishing characteristics of a stone rather than a mass (19, 52) .
MRI/MRCP
MRCP is superior to CT for detection of iCCA (8) . On MRI, iCCA presents as a polypoid or sessile intraductal mass with proximal ductal dilatation secondary to tumor obstruction or abundant mucin production (8) . They are usually T2 hyperintense and T1 hypointense (23) . After contrast administration, a nodular, well-defined mass with intense delayed enhancement is often visible (49) . The pattern of contrast enhancement is similar to the massforming subtype, with heterogeneous early enhancement that peaks on the delayed phase (8, 49) . As previously stated, © HepatoBiliary Surgery and Nutrition. All rights reserved.
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Summary
In summary, three morphologic subtypes of intrahepatic cholangiocarcinoma exist, including mass-forming, periductal infiltrating, and intraductal subtypes. Each of these morphologic subtypes has a distinct imaging appearance on ultrasound (US), computed tomography (CT), and magnetic resonance imaging/magnetic resonance cholangiopancreatography (MRI/MRCP). Knowledge of the imaging appearances of each subtype facilitates diagnosis and timely management. Current of active research include the diagnostic and prognostic role of DW-MRI and the use of gadolinium-based contrast agents that combine properties of conventional extracellular and hepatocytespecific agents. 
